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Colloid Particle Adsorption on Partially Covered (Random) Surfaces
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The random sequential adsorption (RSA) approach was used to
model irreversible adsorption of colloid particles at surfaces precov-
ered with smaller particles having the same sign of surface charge.
Numerical simulations were performed to determine the initial flux
of larger particles as a function of surface coverage of smaller par-
ticles θs at various size ratios λ = al/as. These numerical results
were described by an analytical formula derived from scaled parti-
cle theory. Simulations of the long-time adsorption kinetics of larger
particles have also been performed. This allowed one to determine
upon extrapolation the jamming coverage θ∞l as a function of the
λ parameter at fixed smaller particle coverage θs. It was found that
the jamming coverage θ∞l was very sensitive to particle size ratios
exceeding 4. Besides yielding θ∞l , the numerical simulations allowed
one to determine the structure of large particle monolayers at the
jamming state which deviated significantly from that observed for
monodisperse systems. The theoretical predictions suggested that
surface heterogeneity, e.g., the presence of smaller sized contami-
nants or smaller particles invisible under microscope, can be quanti-
tatively characterized by studying larger colloid particle adsorption
kinetics and structure of the monolayer. C© 2001 Academic Press

Key Words: adsorption of particles; colloid adsorption; heteroge-
neous surfaces; particle adsorption.
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INTRODUCTION

Adsorption and deposition (irreversible adsorption) of c
loids and bioparticles at solid/liquid interfaces are of great
nificance in many natural and practical processes such as w
and waste water filtration, membrane filtration, papermak
flotation, protein and cell separation, enzyme immobilizati
biofouling of membranes, and artificial organs. Often in th
processes, especially in filtration, polydisperse suspension
mixtures appear, e.g., colloid/polymer, colloid/macroscopic p
ticle, or protein/surfactant. As a result of their higher diffusiv
the smaller components of the mixture will adsorb preferenti
at the interface, forming a layer which may prohibit conse
tive deposition of larger particles. This leads to a considera
decrease in the kinetics of larger particle accumulation at
interface as reported in the literature (1–3). Similar proble
often appear in model experiments concerned with protei
colloid particle adsorption when the usual substrate clea
1 To whom correspondence should be addressed.
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procedure may produce a nanosized contaminant layer diffi
to detect by conventional means. Formation of such a layer
produce surface heterogeneity, in respect to both charge d
bution and geometry, which is expected to influence the kine
and maximum coverage of the proper adsorption experimen

Despite the great significance of particle adsorption at h
erogeneous surfaces, hereafter referred to for sake of brevi
random surfaces, few works have been devoted to this sub
A theoretical analysis was performed in (3, 4) for large-to-sm
particle size ratios 2.2, 5, and 10. These results have been
firmed in the kinetic aspects by the experiments performed w
polystyrene latex particles adsorbing at surfaces precovere
smaller latex particles (3, 5). The larger-to-smaller particle s
ratio was 2.2. In this paper we extend this theoretical analys
a broader range of particle size ratios and determines the m
mum coverage of larger particles adsorbing at random surfa
The maximum or “jamming” coverage, of primary interest fro
the practical viewpoint, determines the maximum “capacity”
an interface.

THE THEORETICAL MODEL

General Considerations

Consider the situation shown in Fig. la, where a random s
face is produced by covering a homogeneous interface byNs

small spherical particles of radiusas adsorbed irreversibly at the
distanceδm (primary minimum distance). The particle distribu
tion is knowna priori and can be quantitatively characterize
in terms of the pair correlation function (called also radial d
tribution function)g(r ), wherer is the radial distance betwee
smaller particles. The simplest situation arises wheng = 1 for
all distances, which corresponds to a perfectly random distr
tion of particles. This can easily be realized experimentally
low particle coverage defined as

θs = πa2
s Ns/S, [1]

whereS is the geometrical area of the interface.
However, forθs > 0.1 deviations from the uniform distribu

tion occur and particle positions become correlated, which m
ifests itself by increased number of pairs separated by small
tances. The pair correlation function in this case is well kno
from numerical simulations (6) and from experiments (6–8).
0021-9797/01 $35.00
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FIG. 1. (a) Random surface produced by irreversible adsorption of sma red
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surfaces with the definition of the exclusion areaSe.

Consider now adsorption of larger particles (having effe
tive radiusal ) over such a random surface. Assume that
large/small particle interactions are of the hard particle ty
i.e., the net interaction energyφ tends to infinity when the
particles overlap and zero otherwise (9). This situation c
be realized experimentally at high ionic strength if the sm
and large particles bear the same surface charge. Accordin
this postulate, a large particle can be placed at distanceh (see
Fig. 1b) when there are no other particles within the circu
areaSe, called the exclusion area. From simple geometry o
can deduce that the size of the exclusion area is given by
expression

Se = πr 2
e(h) = π [4asal + (2as− 2al − h)h], [2]

wherere is the radius of the exclusion area (see Fig. 1b). Ob
ously, forh = 0 the exclusion area equals 4πasal , whereas for
h = 2as, Se = 0.

The probability of finding the empty area of sizeSe aver-
aged over the entire surfaceS (which equals the probability of
placing a particle over the interface) is defined as the availa
surface function, ASF (10–13) called also the surface block
function B (8–9). This function has fundamental significan
for reversible (equilibrium) systems, allowing one to calcula
the thermodynamic potential of particles (10). For irreversi
systems considered in our work, the knowledge of the block
function is necessary for a quantitative description of parti
adsorption kinetics. Since the blocking function depends i

complicated manner on particle coverage, particle distributi
and the distanceh, no theoretical results have been derived y
ll particles of radiusas. (b) Schematic view of larger particle adsorption on precove
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for random surfaces. The only results in the form of a pow
expansion ofB in terms ofθ were formulated for a monodis
perse system and homogeneous surfaces (13). These re
discussed extensively in (9), indicate that the most signific
contribution to the blocking effects come from the region clo
to the interface, when the adsorbing particles approach the
mary minimum distanceδm (h→ 0). In this limit, the blocking
function can easily be calculated numerically for arbitraryθ by
applying the procedure described below.

Moreover, useful analytical expressions for the block
function can be derived in this limit for some simple distrib
tions of adsorbed particles. For example, assuming the bino
particle distribution, pertinent to the low coverage limit (14
one can calculate the averaged probability of finding an are
the sizeSe without particlespl (blocking functionB0

l ) from the
equation

pl = B0
l =

(
1− Se

S

)Ns

=
(

1− Se

S

) S
Se
〈ns〉
, [3]

where〈ns〉 = NsSe/S= 4λθs is the average number of particle
which should be expected statistically over the areaSe, and
λ = al/as is the larger-to-smaller particle size ratio.

For most situations of practical interest the ratioSe/Sremains
much smaller than unity, which means that the binomial dis
bution becomes the Poisson distribution and Eq. [3] transfo
into the exponential form
on,
et B0

l (θs) = e−〈ns〉 = e−4λθs. [4]
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COLLOID ADSORPTION ON

As can be deduced from this equation, the adsorption pr
bility of larger particles decreases exponentially with surf
coverage of smaller particles, proportionally to theλ parameter.
This means that at fixedθs, the adsorption rate of larger particle
becomes negligible for higher aspect ratioal/as.

It should be mentioned, however, that Eq. [4] remains valid
low θs only when particle distribution remains uniform. A mo
accurate expression valid for broader range ofθs was derived in
(4) by exploiting the scaled particle theory. It has the form

B0
l (θs) = (1− θs) exp

{
− (4λ− 1)θs

1− θs
−
[

(2
√
λ− 1)θs

1− θs

]2}
.

[5]

Equations [4] and [5] can be used as boundary conditions
the bulk transport equation describing large particle adsorp
kinetics in a manner analogous to homogeneous system
15). In the limiting case of stationary transport under forc
convection conditions (when the diffusion boundary thickn
remains comparable with particle dimension) one can exp
the rate of large particle adsorption by the expression (9)

1

πa2
l

dθl

dt
∼= j0B0

l (θs), [6]

wheret is the time andj0 is the large particle flux in the ab
sence of smaller particles. It was demonstrated experimen
in (3, 5) that Eq. [6] can be used as a reasonable approxim
for describing colloid (polystyrene latex) particle adsorption
precovered surfaces.

However, Eqs. [4] and [5] describing the blocking function a
valid only when there is no appreciable accumulation of lar
particles at the interface so the surface exclusion effects s
ming from larger particles remain negligible. A proper evalu
tion of the blocking parameter, particle adsorption kinetics,
their distribution in this case can be achieved only by numer
simulations described below.

The Simulation Algorithm

The irreversible adsorption of larger particles was simula
theoretically in terms of the random sequential adsorption (R
model developed in (12–14, 16, 17). According to this approa
particles of various sizes or geometrical shapes are placed
domly, one at a time, over a plane (interface) of isotropic pr
erties. Once an empty surface element of the sizeSe is found,
the particle becomes permanently attached with no consec
motion allowed. Otherwise it is rejected and a new addition
tempt is undertaken, uncorrelated with previous attempts.
process is continued until the jamming state is reached whe
additional particles can be placed over the simulation plane.
interesting to mention that for hard spherical particles adsor

over homogeneous surfaces the jamming coverage equals 0
(16–17).
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The classical RSA model formulated for hard particles c
be extended to particles interacting via the exponentially dec
ing potential stemming from the double-layer repulsion (6, 1
Similarly, one can extend this model by considering partic
transport through the adsorbed particle layer (13), which affe
kinetic aspects of particle adsorption. However, as demonstra
in (19) the jamming state remains practically unaffected if pa
ticle diffusion effects are introduced into the RSA model.

In this work, therefore, we used the calculation algorith
based on the classical RSA model (3–6, 12, 18). The simu
tions were carried out over a square adsorption plane with
usual periodic boundary conditions at its perimeter. As in p
vious works (3–6, 20) the simulation plane was divided in
subsidiary square areas (cells) of the size

√
2as, which ensures

that only one particle can be placed within the cell. The su
division procedure enhanced the efficiency of the overlapp
test performed at each simulation step. The entire simulat
procedure consisted of two main stages:

(i) First the homogeneous simulation plane was covered w
smaller sized particles to a prescribed surface coverageθs. Dur-
ing this stage the usual RSA simulation algorithm pertinent
hard spheres was used.

(ii) The random (heterogeneous) surface produced in the fi
stage was then covered with larger spheres (adsorbing at
primary minimum distanceδm) by choosing at random their po-
sition over the simulation area. The overlapping test betwe
larger/larger and larger/smaller particles was carried out
checking if the conditions

r ll/al > 2 and r ls/al > 1+ 1

λ

were met simultaneously (wherer ll is the distance between large
particle centers andr ls is the distance between large/small pa
ticle centers).

The above algorithm enabled one to simulate kinetics of lar
particle adsorption by defining the dimensionless quasi-ti
variable

τ = Natt/Nch = πa2
l Natt, [7]

whereNatt is the overall number of attempts to place larger pa
ticles over the simulation plane andNch = 1/πa2

l is the char-
acteristic number of particles. Due to computer limitations t
maximum dimensionless time in our simulations reached 14,
which required about 109 simulation steps. Therefore, in order t
calculate the jamming coverage (after infinite adsorption tim
the results obtained for long timeτ have been extrapolated by
using a power law dependence.

The adsorption probability of larger particles (blocking p
rameterB0

l ) was calculated according to the definition
B0
l (θs) = Nsucc/Natt, [8]
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whereNsucc is the number of successful adsorption events
formed at fixedθs andNatt is the overall number of attempts
placing larger particles at the surface precovered with sm
particles. In practice, the value ofB0

1(θs) converged when the
number of adsorption attempts exceeded 105.

For calculating the pair correlation function a population h
ing Nl larger particles adsorbed over the interface of the areS
was generated by using the above RSA scheme. Then, tgl

function was determined for a discrete set of distances from
formula

gl (r ) = πa2
l

θl

(
1Nl

2πr1r

)
, [9]

where1r is the thickness of the annulus,1Nl is the averaged
number of particles adsorbed within the annulus 2πr1r drawn
around a central particle, andθl = πa2

l Nl/Sis the averaged cov
erage of larger particles. In order to increase the accuracy of
correlation function calculations, additional averages from m
populations have been taken so the overall number of larger
ticles reached 70,000.

RESULTS AND DISCUSSION

Due to the simplicity of the RSA algorithm, numerical sim
lations for large particle populations can be performed, enab
one to determine with good accuracy both the kinetics of par
adsorption and the structure of transient monolayers up to
jamming limit.

The quantity of considerable interest is the blocking funct
B0

l that characterizes initial adsorption kinetics of larger partic
at precovered surfaces. In Fig. 2 the dependence of this fun
on surface coverage of smaller particles is shown forλ = 2.2, 5,
and 10. As can be noticed the influence of preadsorbed sm
particles on the initial flux (B0

l function) is significantly more
pronounced for larger values of theλ parameter. It is interestin
to note that the numerical data are well reflected for practic
the entire range ofθs by the analytical Eq. [5]. On the othe
hand, Eq. [4] remains an accurate approximation forθs < 0.1,
i.e., in the case when the smaller particle distribution rem
uniform. The theoretical predictions shown in Fig. 2 sugg
that the presence of trace amounts of small particles often
visible under an optical microscope can exert a profound e
on adsorption kinetics (initial flux) of larger particles, who
surface concentration can easily be measured directly (m
scopically). One may therefore expect that by measuring
initial flux j0 of larger particles (of various sizes) one can det
the presence of smaller (invisible) particles. However, a qu
titative determination of the surface coverage of these part
becomes possible only by considering the coupling between
surface layer transport (described by the functionB0

l ) and the

bulk transport (governed by convective diffusion of particles
As shown in (9) particle fluxj in this case is governed by the
´ SKI, AND MUSIALÃ
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FIG. 2. Dependence ofB0
l on surface coverage of smaller particlesθs.

The points denote numerical simulations performed for (1)λ = 10, (2)λ = 5,
(3) λ = 2.2. The continuous lines denote the analytical results calculated f
Eq. [5] and the broken lines represent the results calculated from Eq. [4].

generalized blocking function

B0
l (θs) = j/j0 = K B0

l (θs)

1+ (K − 1)B0
l (θs)

, [10]

whereK = ka/kb, ka is the kinetic adsorption constant given b
the equation

ka = 1∫ δ
δm

eφl /kT

D(h′) dh′
, [11]

whereδ is the thickness of the adsorbed smaller particle layeφl

is the interaction energy of the larger particle with the interfa
k is the Boltzmann constant,T is the absolute temperature,D is
the position dependent diffusion coefficient of the particle (2
andh′ = h+ δm andkb is the bulk mass transfer rate which ca
be calculated analytically or numerically for stationary transp
to the uniformly accessible surfaces such as a rotating d
impinging jet cells, etc, (8, 21).

Assuming the perfect sink interaction model and express

).the diffusion coefficient asD = D∞h′/(h′ + al ) (19), whereD∞
is the diffusion coefficient of the particle in the bulk, one can
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evaluateka explicitly to obtain

K = 1

Sh
(
ln δ

δm
+ 2

λ

) , [12]

where Sh= kb
al

D∞
is the dimensionless mass transfer Sherwo

number.
As can be deduced from Eq. [10], the larger particle fl

(normalized to the flux for a uncovered surface) depends on
unknown parameters only, i.e.,

j/j0 = f (θs,as). [13]

This suggest that by measuringj/j0 experimentally for a se-
ries of large particle sizes, one can determine both the cove
θs and the radiusas of smaller particles using a nonlinear fittin
procedure.

However, from Eq. [5] one can deduce that this is feasible
not too largeθs andal/as values. Otherwise, the larger partic
flux becomes dependent only on the productλθs, which excludes
simultaneous determination of these parameters. In this cas
can determine either the smaller particle size (if the cover
is known) or the coverageθs if particle size is known or can
be estimated. In the latter case, using Eq. [4] one can de
the following analytical expression for calculatingθs using the
measuredj/j0 value,

θs = 1

4λ
ln

K − (K − 1) j/j0
j/j0

. [14]

Some experimental data obtained for latex particles (9) c
firmed the validity of the above model, in particular Eq. [10
for predicting adsorption flux of larger particles at precove
surfaces in the case ofλ = 2.2.

The data shown in Fig. 2 and Eqs. [10]–[13] are valid for t
initial adsorption stage when the flux of larger particles rema
steady. For longer times, however, the accumulation of la
particles will lead to surface blocking effects, which decre
their adsorption rate and influence adsorption kinetics. The
ical kinetic curves (θl vs τ dependencies) obtained in this ca
forλ = 5, K = 1 and various concentrations of smaller partic
θs are plotted in Fig. 3. As can be seen, for lowτ the adsorp-
tion curves are indeed linear with the slope (initial flux) w
reflected by Eq. [5]. However, for longer times, whenθs > 0.1
the kinetic curves deviate significantly from linearity, indica
ing that the adsorption rate decreases. In order to presen
long-time adsorption data more efficiently we applied theθs vs
τ−1/2 transformation which compresses the infinite time dom
into a finite one. This transformation has been used previo
(6, 12, 16–17) for analyzing adsorption at homogeneous
faces. As can be seen in Fig. 3, the numerical results plo
using this transformation can indeed be described by a stra
line dependence, although the range of this asymptotic regim

decreasing for higher values ofθs. The linear dependence ofθs

on τ−1/2 implies that the blocking parameter of larger particle
ETEROGENEOUS SURFACES 67
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FIG. 3. Kinetics of larger particle adsorption at surfaces precovered w
smaller particles expressed asθl vs τ dependencies;λ = 5. (1)θs = 0, (2)θs =
0.02, (3)θs = 0.05, (4)θs = 0.10. The broken lines denote the analytical resu
calculated asθl = B0

l τ with B0
l given by Eq. [5] and the solid lines denote th

linear fits, i.e.,θ∞l − θl ∼ τ−1/2.

B is given by the expression (4)

Bl ∼
[
θ∞l − θl

]3
, [15]

where the jamming coverage of larger particlesθ∞l is dependent
only on the initial coverage of smaller particlesθs. Thus, the
jamming coverage has been calculated by fitting the numer
data (theθl vs τ−1/2 dependencies) by straight lines and su
sequent extrapolation toτ−1/2→ 0 (adsorption time tending to
infinity). Averages from five various computer runs have be
taken in order to attain a sufficient precision ofθ∞l . Calculations
have been performed forλ changed within 1 to 20 at fixed value
of θs equal to 0.02, 0.05, 0.10, and 0.2. The results of these ca
lations are collected in Fig. 4. One can observe in this figure
the presence of preadsorbed particles decreases monoton
the jamming coverage of larger particles, although the eff
becomes well pronounced only forλ > 4 andθs > 0.02. For
example, forθs = 0.05 the change in theλ parameter from 5 to
20 results in decrease ofθl from 0.47 to 0.35. The net coverag
θl + θs drops in this case from 0.52 to 0.40. On the other ha
for θs = 0.1 the change in theλ parameter from 5 to 20 will exer
s
a more significant effect onθl which will decrease from 0.37 to
0.02, whereas the net coverage decreases from 0.47 to 0.12.
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FIG. 4. Dependence of the jamming concentration of larger particlesθ∞l on
λ = al/as and 1/λ parameters determined numerically for fixed concentrat
of smaller particles. (1)θs = 0.02, (2)θs = 0.05, (3)θs = 0.1, (4)θs = 0.2.

The abrupt change inθl upon increase inλ or coverage of
smaller particlesθs, (analogous to the change in the initial flu
presented in Fig. 2) suggests that by measuringθl experimen-
tally one can draw conclusions about the size and coverag
smaller sized particles. This means that surface homogeneity
easily be determined in measurements of such type. One sh
mention, however, that the jamming coverage measurement
considerably more tedious than the kinetic measurements o
initial flux of larger particles.

The presence of preadsorbed particles affects not only
kinetic aspects of larger particle adsorption but also the dis
bution of larger particle monolayers. This can be qualitativ
observed in Fig. 5, where the “mixed” monolayers are sho
obtained from numerical simulations for a fixed larger parti
coverage equal to 0.1 and variousλ equal to 2.2, 5, and 10
It should be noted that forλ > 4, adsorption of larger particle
may occur in such a way that the smaller particles are located
derneath (shown in Fig. 5 by empty circles). This phenome
reduces the surface blocking effect in comparison with adso
tion of disks analyzed previously (22–23).

In Fig. 6 larger particle monolayers are presented forλ = 1
(reference system of monodisperse spheres), 2.2, 5, and 10
smaller particles are not shown, which can mimic the exp

mental situation when only the larger particles are visible (e.
under optical microscope). One can qualitatively notice in Fig
´ SKI, AND MUSIALÃ
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that the monolayer structure is dependent on theλ parameter.
Quantitatively, this can be demonstrated by determining the
correlation function of larger particlesgl according to the method
described above. The results are shown in Fig. 7. As can
seen, for allλ the shape of the pair correlation function dev
ates considerably from the monodisperse counterpart (λ = 1),
being close to unity for all distances. This is especially w

FIG. 5. The adsorbed particle “monolayers” close to the jamming lim
simulated numerically forθl = 0.1 and variousλ, i.e.,λ = 2.2,θs = 0.3;λ = 5,

g.,
. 6
θs = 0.2;λ = 10,θs = 0.14. The smaller particle fragments located below larger
particles are marked by empty circles.
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pronounced forλ = 2.2 when thegl function exhibits a maxi-
mum of height 1.5 located at the dimensionless distancer l/al

about 2.7. The position of this maximum agrees quite well w
the separation distance between two larger particles with
smaller particle in between, which from simple geometry c
be calculated as 4/

√
λ. Thus, forλ = 2.2, r l/al equals 2.65,

which agrees quite well with the above value determined fr
simulations. From simple geometrical considerations one
also deduce that forλ = 5 the smaller particles cannot preve
the larger ones from approaching each other closely. Thus
secondary maximum of thegl function should be absent whic
is confirmed by the data presented in Fig. 7.

The results concerning the distribution of larger particles o
a random monolayer shown in Figs. 5–7 suggest, therefore
the presence of smaller particles (causing surface heterogen
may be detected by determining the pair correlation function
larger particles, used as markers. One should remember,
ever, that the differences in monolayer structure are most
nounced for larger particle coverage close to jamming, wh
makes such measurements rather tedious.

It should also be mentioned that all theoretical data prese
in this work are strictly valid for hard particles, i.e., for the ca
when the repulsive interaction range remains much smaller
particle sizeas. This situation can be realized experimenta
for high ionic strength of particle suspension, which is usua

FIG. 6. The larger particle “monolayers” close to the jamming limit sim
lated numerically forθl = 0.1 and variousλ (the smaller particles are not shown

λ = 1 (reference monodisperse system);λ = 2.2, θs = 0.3; λ = 5, θs = 0.2;
λ = 10,θs = 0.14.
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FIG. 7. The pair correlation function of larger particlesgl derived from
numerical simulations forθl = 0.1 and variousλ, i.e., (1)λ = 10, (2)λ = 5,
(3) λ = 2.2, (4)λ = 1.

the case in protein adsorption studies mimicking physiolog
conditions. However, for lower ionic strength the interacti
range may become comparable with particle dimensions. In
case the above data pertinent to hard particle systems can
be used for estimating adsorption phenomena by introdu
the effective hard particle concept discussed extensiv
elsewhere (6, 8–9). According to this approach the geom
cal size of an interacting particle is increased by the effec
interaction rangeh∗ strictly related to the double-layer thick
ness. In practice, for particle size range 0.01–0.1µm, one can
assume thath∗ is proportional to the double-layer thickness wi
the coefficientξ varying between 1.5 and 2.5 Knowingh∗ for
smaller and larger particles one can exploit the above res
derived for hard spheres for calculating the effective cover
from the equation

θ∗s = θs(1+ h∗l /al )(1+ h∗s/as). [16]

In this way, Eqs. [4] and [5] can be used for predicting t
initial adsorption rate of larger particles interacting via a rep
sive double-layer potential over random surfaces. However
transformation of the jamming coverage to interacting part
systems seems more complicated without additional simulat
performed for interacting particles.

CONCLUDING REMARKS

It was demonstrated theoretically that adsorption of coll

particles at random surfaces is considerably reduced in compar-
ison with uniform surfaces. This effect is primarily governed by
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theλ = al/as parameter (particle size ratio) and the degree
coverage of smaller particlesθs. The initial flux of larger parti-
cles can be well approximated for the entire range ofλ andθs

by the analytical Eq. [5]. On the other hand, forθ < 0.1 Eq. [4]
can be used with good accuracy, indicating that the initial fl
decreases exponentially with theλθs product.

As demonstrated numerically, for longer times, adsorpt
kinetics at random surfaces is governed by the power-law
pendence, i.e.,

θ∞l − θl ∼ τ−1/2,

where the jamming coverage of larger particleθ∞l (depending
on θs andλ) was found by extrapolation. Theθ∞l values for
random surfaces are considerably smaller, especially forλ > 5,
than the limiting value of 0.547 pertinent to uniform surfa
adsorption.

It was also predicted theoretically that the structure of p
ticle monolayers at random surfaces (characterized in term
the pair correlation functiongl ) differs significantly from that
observed at homogeneous surfaces at the same coverageθl .

The theoretical calculations enabled one to draw the con
sion that surface heterogeneity, e.g., the presence of smaller
contaminants or smaller particle invisible under microscope
be quantitatively characterized by studying larger colloid pa
cle adsorption kinetics (initial flux), the jamming coverage, a
the pair correlation function.
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